1. Introduction {#sec1}
===============

Intravenous immunoglobulins (IVIGs) have been initially used to treat primary and secondary immune deficiencies, since they contain natural antibodies (Ab) that are first-line defense against pathogens. However over the past decades their indications have expanded tremendously, including the off-label therapy for a variety of autoimmune and inflammatory diseases in dermatology.

IVIG consists of mainly IgG (IgG~3~, IgG~4~) antibodies as well as variable amounts of proteins; IgA, IgE, and IgM Ab; albumin; salt and sugar content; solvents and detergents, depending of the methods of commercial preparation. There are different preparations of IVIG in the market for intravenous administration in two forms---lyophilized and liquid. The first form has to be diluted with water, saline, or 5% glucose while the liquid form (0.5% or 10% solution) is ready to use.

The mechanism of action of IVIG in most autoimmune diseases remains unclear \[[@B1]\]; however various mechanisms have been proposed. IVIGs have an immunomodulatory activity based on biological processes that are implicated in innate or acquired immune response ([Table 1](#tab1){ref-type="table"}).

2. Material and Methods {#sec2}
=======================

We reviewed prospective clinical studies on the effectiveness of IVIG for treatment of various allergic, autoimmune, inflammatory, and drug induced dermatoses. A standardized literature search was performed using MEDLINE database and the criteria were limited to case reports, clinical studies, and abstracts. Several indications are still controversial due to the lack of controlled clinical research results.

3. Results and Discussion {#sec3}
=========================

Although in second line, IVIGs have shown promising results in treatment of various autoimmune and inflammatory dermatoses.

4. Adverse Drug Reactions {#sec4}
=========================

The most significant and potentially life-threatening disorders from the adverse drug reactions group are*Stevens-Johnson syndrome (SJS)* and*toxic epidermal necrolysis (TEN)*. SJS/TEN are adverse skin drug reactions that typically involve the skin and the mucous membranes representing the same disease at different levels of severity. These diseases are characterized by the rapid onset of keratinocyte cell death resulting in the separation of the epidermis from the dermis. The difference between SJS and TEN relates to the body surface affected. SJS consists of less than 10% of the body surface detachment; between 10% and 30% is SJS/TEN overlap syndrome, and if more than 30% of the body surface is affected, the diagnosis is TEN \[[@B16]\]. Moreover it was found that IVIG perfusions bring a significant increase in IgG concentration in the serum, blister fluid, and epidermis of both TEN-involved and clinically uninvolved skin. This highlights the direct effect of infused IgG in the local areas in addition to being present in general circulation, since IgA and IgM remain unchanged \[[@B17]\]. There is still no consensus about the treatment of both disorders, since SJS tend to be distinguished from TEN not only in clinical affection, but in therapeutic responses to corticosteroids and IVIG \[[@B18]\]. Numerous case reports have analyzed the therapeutic effect of IVIG in TEN using total doses greater than 2 g/kg over 3-4 days \[[@B13], [@B19]--[@B21]\], suggesting that total doses of 2 g/kg or less are more likely insufficient to obtain optimal therapeutic effect \[[@B22]\]. In contrast, even low doses IVIG (0.4 g/kg per day) administrated for 5 consecutive days are found highly effective in 87.5% of SJS patients \[[@B23]\]. Hence IVIG together with the systemic steroids should be considered as an important treatment modality for patients with refractory SJS/TEN \[[@B23]\].

5. Autoimmune Bullous Diseases {#sec5}
==============================

Pemphigus is a group of autoimmune bullous diseases caused by circulating Ab against adhesion molecules located on the keratinocyte surface. In*pemphigus vulgaris*, the Ab are directed against desmoglein-3 and/or desmoglein-1 while in*pemphigus foliaceus*they are directed only against desmoglein-1. High doses of corticosteroids and immunosuppressive drugs are used as first-line therapy in autoimmune bullous dermatoses. In some cases patients do not respond or tolerate high doses of these drugs or the tapering of the steroids can cause new disease flare-ups or in other cases the therapy could lead to side effects. IVIG is an alternative treatment. It is suggested that IVIG decreases serum level of pemphigus Ab by increased catabolism or by manipulating the idiotypic network \[[@B24]\]. Another suggestion is that IVIG can inhibit the binding of antidesmoglein-3 Ab to recombinant desmoglein-3 in a dose dependent manner in vivo and in vitro. In 2002 Bystryn et al. \[[@B25]\] and in 2006 Baum et al. \[[@B26]\] reported 6 and 12 cases of therapy-resistant patients with pemphigus vulgaris which have been treated with IVIGs with a rapid improvement of the diseases activity. The therapy scheme protocol proposed 2 g/kg over 3--5 days (1 cycle) every month with minor side effects. The treatment with IVIGs in*pemphigus foliaceus* has shown also very good response with long remission after the discontinuation of the study drug \[[@B27]\].

*Bullous pemphigoid,* a subepidermal blistering disease, is characterized by the presence of IgG Ab against hemidesmosomal antigens BP230 (BPAg1) and BP180 (BPAg2). There are reported cases with a positive response of BP to IVIG with dose of 2 g/kg per month cycle over 3 months or initially as an adjunctive therapy \[[@B28], [@B29]\].

*Pemphigoid gestationis* (PG), an autoimmune blistering disease in pregnancy, is characterized by the Ab against BP antigens in the basement membrane zone (BMZ). Although a second-line treatment, IVIG (2 g/kg/cycle, every two weeks antepartum and every three weeks for three months postpartum) was successfully used in a case with clinical and immunological cure, healthy neonate, and lack of adverse events \[[@B30]\].

*Cicatricial pemphigoid* is a form of pemphigoid, affecting the mucous membranes. IVIGs have been given at 2 g/kg/cycle initially every 2-3 weeks as an alternative option to suppress the disease progression \[[@B31], [@B32]\].

*Epidermolysis bullosa acquisita* (EBA), an autoimmune subepidermal blistering disease of the skin and mucus membranes, is characterized by the presence of IgG Ab (in most patients) targeting the noncollagenous (NC1) domain of type VII collagen, the major component of anchoring fibrils that connect the basement membrane to dermal structures. The disease is often difficult to treat. There are various cases of a possible benefit of IVIG usually in association with previously introduced immunosuppressive therapy \[[@B33], [@B34]\].

*Linear IgA dermatosis* is an autoimmune subepidermal vesiculobullous disease characterized by the linear deposition of IgA at the BMZ. It is suggested the IVIGs may be useful in not responding to the conventional therapy patients \[[@B35], [@B36]\].

6. Connective Tissue Diseases {#sec6}
=============================

*Dermatomyositis* is an autoimmune disease that affects the skin and muscle as a consequence of a complement mediated microangiopathy and T cell mediated muscle destruction. The first-line treatment is high doses of systemic steroids as a monotherapy or combined with immunosuppressive drugs (azathioprine, methotrexate, and cyclosporine) but the side effects are common. It is believed that IVIG could limit the migration of activated T cells from capillaries towards the muscle fibers. Dalakas et al. \[[@B37]\] have conducted a controlled trial of high doses of IVIGs. They found that IVIG at a dose of 2 mg/kg per month was proven to be highly effective in improving both skin and muscle involvement. Other regimens include IVIG 0.1 g/kg/day for 5 days/week for 2 weeks \[[@B38]\] or 0.4 g/kg/day for 5 consecutive days \[[@B39]\]. The response is observed within 3 to 4 months in about 80% of the treated patients. Those patients who do not respond to the first-line therapy should receive IVIG in association with corticosteroids. Similar results, showing an improvement of both muscle and skin disease, have been reported in various forms of inflammatory myopathies as*polymyositis*,*juvenile dermatomyositis* \[[@B40]\], or*necrotizing myopathy* \[[@B41]\]. Moreover IVIG treatment affects well the dermatomyositis complications as ulcerative skin lesions and*calcinosis cutis* \[[@B42]\].

Although first results were not encouraging, IVIGs now present excellent efficacy in steroid resistant cases of*subacute cutaneous lupus erythematosus* and*systemic lupus erythematosus* in a regimen of two-day course (1 g/kg/24 h) every 4 weeks \[[@B43]\]. Other regimens include IVIG 1 g/kg/24 h on 2 consecutive days, followed by 0.4 mg/kg per month for 6 months, or 0.5 g/kg/24 h on 4 consecutive days (2 g/kg/month) for 3 months \[[@B44]\].

*Systemic sclerosis (SSc)*, other connective tissue disease, is characterized with cutaneous fibrosis and internal organ affection. IVIG administered at 2 g/kg over 5 days monthly for 6 months was found to reduce the disease activity in an open label study \[[@B45]\]. Other case reports also show improvements in skin scores suggesting that IVIG could be of benefit to treating SSc\'s skin involvement. Same results have been reported for treatment of*mixed connective tissue disease* with or without myositis overlap \[[@B46]\].

7. Allergic Diseases {#sec7}
====================

*Atopic dermatitis*, a chronic inflammatory skin diseases characterized by a dysregulation of the immune response, usually starts in early infancy but an adult-onset variant is also recognized. Data in literature showed significant children improvement by monotherapy IVIG, given as 2 g/kg \[[@B47]\], but in adults it does not appear to have the same efficacy \[[@B48]\].

*Chronic urticaria* is a skin disorder characterized by recurrent transitory itchy wheals affecting patients for 6 weeks or longer. In the largest study in chronic urticaria, 2 g/kg IVIG has been used over 5 days. Most patients responded clinically with complete and prolonged remission \[[@B49]\].

8. Vasculitis and Vasculopathies {#sec8}
================================

*Idiopathic thrombocytopenic purpura (ITP)* is an isolated thrombocytopenia with normal bone marrow and in the absence of other causes of thrombocytopenia presents clinically with petechiae or purpura on skin and signs of mucosal bleeding (gastrointestinal, menometrorrhagia, and haematuria). Therapeutic regimens depend on the patient age (childhood or adults) and clinical course (early diagnosed or chronic) as well as the economical concerns. The standard scheme in childhood ITP is IVIG at a total dose of 0.8--1.0 g/kg given on 1 or 2 consecutive days \[[@B50]\]; however excellent results with very low doses of IVIG (0.1--0.2 g/kg) have also been reported \[[@B51]\]. In adults with ITP, the leukopenia or the serum anti-GPIb-IX Ab are signs for poor IVIG treatment response \[[@B52]\].

*Kawasaki disease* (KD) is an acute febrile vasculitic syndrome of early childhood, affecting predominantly medium-sized blood vessels and particularly the coronary arteries. Skin and mucous membrane lesions include maculopapular or target-like exanthema, followed by desquamation, pharyngitis, and conjunctivitis. In a trial of 549 children with KD, Newburger et al. \[[@B53]\] have shown that a single dose IVIG 2 g/kg in addition to acetylsalicylate is more effective than the conventional regimen of acetylsalicylate and 4 days of IVIG 0.4 g/kg/day.

*Pyoderma gangrenosum (PG)* is uncommon, ulcerative cutaneous disorder of uncertain etiology, claimed by some authors to be as Wegener\'s arteritis---a type of segmental ulcerative vasculitis \[[@B54]\]. It is associated with systemic diseases in at least 50% of patients \[[@B55]\]. Immunosuppressors are the first line of treatment but the therapeutic effects are variable. Significant improvement, long-lasting remissions, or complete healing is reported in all observed patients with PG treated with 2 g/kg/cycle IVIG \[[@B56]--[@B58]\]. Thus IVIG is an important therapeutic option in pyoderma gangrenosum refractory to standard immunomodulatory treatment.

9. Other Noninfectious Cutaneous Disorders {#sec9}
==========================================

*Scleromyxoedema* is a rare skin disorder characterized by fibroblast proliferation and mucin deposition in the dermis of unclear etiology. Lesions can be localized on the skin of the head, neck, and dorsum of the hands but in some cases there is extracutaneous manifestation in heart, lung, joints, and oesophagus. The treatment is difficult and often ineffective. Many therapeutic approaches have been tried. Improvement in skin and systemic involvement of the disease was observed in patients treated with 2 g/kg IVIG over 5 days \[[@B59], [@B60]\].

*Pretibial myxoedema* (PTM) is characterized by localized lesions of the skin resulting from the deposition of hyaluronic acid, usually as a component of thyroid disease. Although the condition is most often confined to the pretibial area, it may occur anywhere on the skin and it is typically associated with Grave\'s disease. All patients with localized myxoedema have high serum concentrations of thyroid-stimulating hormone receptor Ab, indicating the severity of the autoimmune condition. Current treatment modalities are at the most cases palliative. There are two studies\' data of the use of IVIG published in literature. The largest one \[[@B61]\] showed clinical improvement of the skin lesions, ophthalmopathy, and decreasing of Ab levels with a dose of 2 g/kg in 3 weekly cycles for a total of 7--15 cycles of IVIG compared with a group of patients treated with systemic steroids as monotherapy without improvement. Terheyden et al. \[[@B62]\] reported a group of patients with an elephantiasic form of PTM with no response to 2 g/kg IVIG after 6 monthly cycles but there is a reduction in anti-TSH receptor antibody levels.

10. Interactions, Contraindications, and Adverse Effects {#sec10}
========================================================

Before the initiation of IVIG infusion, it is important to test liver and renal function and complete blood cell count, as well as to perform viral hepatitis screening. Vital signs should be monitored before the infusion, every 15 minutes for the first hour of infusion, and every 30 minutes for the rest of the infusion. The infusion should be at a slow rate and then increasing every 15 minutes. There are no known drug interactions; however IVIG should not be applied at the time of attenuated live vaccinations or within the 3-month period after vaccine.

The therapeutic usage of IVIGs is associated in most cases with a low incidence of side effects according to WHO criteria. IVIGs are basically considered as a safe and efficacious therapeutic option but it is still associated with some adverse effects. They are divided into two groups---minor and severe side effects \[[@B63]\]. Side effects in the first group are transient and often appear during the infusion or up to 72 h following the infusion. It is characterized by headache, nausea, fever, vomiting, cough, malaise, muscle, join and abdominal pain, flushing, urticarial lesions, and variations in heart rate and blood pressure. These reactions are probably due to aggregated immunoglobulin molecules that cause the complement system activation, antigen-antibody, contaminants, or stabilizers reactions \[[@B64]\]. Premedication with systemic steroids, antihistamines (diphenhydramine 50 mg), and nonsteroidal anti-inflammatory drugs (acetaminophen 650 mg) can minimize or prevent them \[[@B63]\]. Leukopenia, neutropenia, and monocytopenia are also seen in IVIGs therapy; however in most of cases those side effects appear to be self-limited and do not lead to increased susceptibility to infection.

Adverse effects in the second group are rare but severe. Most of them appear during or after the first infusion; hence it is important to have a complete medical history before the administration of IVIG. Some of these group side effects are aseptic meningitis, acute renal failure, stroke, exacerbation of the preexisting congestive heart failure, infections, hemolysis, deep venous thrombosis, pulmonary embolism, and anaphylactic shock \[[@B26], [@B63], [@B64]\]. Skin adverse effects include severe dermatitis resembling pompholyx initially localized to the palms or soles that then extends to the rest of the body \[[@B65]\], suggesting that a rapid increase in serum IgG levels may be involved in the development of skin lesions \[[@B66]\].

11. Conclusion {#sec11}
==============

The number of first-line or high- or medium-priority indications for IVIG treatment in hematology, neurology, rheumatology, intensive care, and dermatology continues to extend. At present,the use of IVIGs is an important step in the treatment of autoimmune dermatoses. As was already stated, they are safe, well-tolerated, and well-accepted therapeutic modality. Reports in literature about the benefits of IVIG are increasing although we still need evidence-based data to improve the safety and efficacy of the drug, however, and supporting data in many indications.
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###### 

Mechanism of action of IVIG in inflammatory and autoimmune dermatoses.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Biologic target              Mode of action                                                                                                                                            Reference
  ---------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------
  T-lymphocytes                Inhibition of T cell derived IL-2, IL-10, TNF-*β*, and IFN-*γ*\                                                                                           \[[@B2]--[@B4]\]
                               Antibodies against CD4 cells, HLA class I and II molecules, and T cell receptor *β* chain                                                                 

                                                                                                                                                                                         

  B-lymphocytes                Antibody neutralization and inhibition of Ab production due B-lymphocytes binding\                                                                        \[[@B5]--[@B7]\]
                               Inhibition of IL-6 and TNF-*α* production\                                                                                                                
                               Induction of B-cell apoptosis                                                                                                                             

                                                                                                                                                                                         

  Monocyte/macrophage system   Suppressing the phagocytosis of antibody-coated cells by Fc blockade\                                                                                     \[[@B8]\]\
                               Anti-inflammatory activity of IVIG through the surface expression of inhibitory Fc *γ*RIIB receptor\                                                      \[[@B9]\]\
                               IVIG increasing the synthesis of IL-8 in cultures of monocytes                                                                                            \[[@B2], [@B10]\]

                                                                                                                                                                                         

  Dendritic cells              Suppression of the dendritic cells differentiation maturation and capacity to secrete IL-12 on activation                                                 \[[@B11], [@B12]\]

                                                                                                                                                                                         

  Keratinocytes                Blockage of Fas-mediated keratinocyte death by binding to the CD95 (death receptor)                                                                       \[[@B13], [@B14]\]

                                                                                                                                                                                         

  Complement system            IVIG having immediate and long-lasting attenuating effect on complement amplification *in vivo* by stimulating inactivation of C3 convertase precursors   \[[@B15]\]\
                                                                                                                                                                                         \[[@B16]\]
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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